IMPORTANCE Vomiting resulting from acute gastroenteritis is commonly treated with intravenous antiemetics in acute care settings. If oral treatment were beneficial, patients might not need intravenous administered hydration or medication. Furthermore, a long-acting treatment could provide sustained relief from nausea and vomiting.
Treatment successes were observed in 126 patients in the bimodal release ondansetron group (65.6%) compared with 70 patients in the placebo group (54.3%), with an 11.4% (95% CI, 0.3%-22.4%) absolute probability difference. The proportion of treatment success was 21% higher among patients who received bimodal release ondansetron compared with those who received a placebo (relative risk, 1.21; 95% CI, 1.00-1.46; P = .04). In an analysis including only patients with a discharge diagnosis of acute gastroenteritis and no major protocol violations, there were 123 treatment successes (69.5%) in the bimodal release ondansetron group compared with 67 treatment successes (54.9%) in the placebo group (relative risk, 1.27; 95% CI, 1.05-1.53; P = .01).
Adverse effects were infrequent and similar to the known safety profile of ondansetron. 
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Introduction
Acute gastroenteritis is a common illness, with approximately 179 million episodes occurring in the United States each year, resulting in 600 000 hospitalizations and 5000 deaths. 1 Viruses are the most common identifiable cause, 2 and disease occurs throughout the year, with outbreaks most frequent in the winter and spring. 3 The disease is spread easily and clusters occur when people gather in close quarters or when food or water become contaminated with the virus. [4] [5] [6] Nausea, vomiting, and diarrhea are typical symptoms of acute gastroenteritis, and other symptoms include fever, abdominal pain, and malaise. 2 Dehydration is an important contributor to the morbidity associated with gastroenteritis, and fluid repletion is a mainstay of treatment. The illness is usually self-limited, and for most individuals, nausea and vomiting are the rate-limiting factors for successful fluid replacement. Patients unable to tolerate oral hydration may need intravenous fluids in the emergency department (ED) or other acute care settings.
Medications commonly used to treat nausea and vomiting in the acute care setting include ondansetron, metoclopramide, and prochlorperazine. Several pediatric studies, most involving children younger than 12 years, have demonstrated a reduction in the need for intravenous hydration and immediate hospitalization using oral or intravenous ondansetron to treat gastroenteritisrelated emesis. [7] [8] [9] [10] [11] [12] [13] [14] In contrast, a Cochrane review 15 indicated a paucity of studies evaluating adults treated in the ED and concluded there was no evidence to support the superiority of any antiemetic drug, oral or intravenous, over placebo in treating nausea and vomiting. Vomiting is a common complaint in the ED, and even without evidence-based guidance, these drugs are routinely given to adolescents and adults for a range of conditions, including acute gastroenteritis. Ondansetron is the most widely used antiemetic in the acute care setting, with over 21.7 million uses annually and is second only to sodium chloride as the most commonly prescribed drug in EDs in the United States. 16 The bimodal release ondansetron tablet used in this study is an investigational 24 mg tablet that contains 6 mg of immediate release ondansetron and 18 mg of ondansetron in an extended release matrix. The drug was developed to provide therapeutic blood levels of ondansetron soon after administration and sustain therapeutic activity for up to 24 hours. Oral administration could potentially avoid the costs, discomfort, and resources associated with intravenous therapy and lead to fewer ED visits for acute gastroenteritis. Furthermore, this formulation could potentially avoid repeated dosing and reduce recurrent symptoms that occur with shorter acting agents.
In this multicenter randomized clinical trial (RCT), we tested the safety and efficacy of bimodal release ondansetron among adolescents and adults who presented to EDs or urgent care centers with nausea and vomiting due to acute gastroenteritis. The main goal of this study was to determine whether a bimodal release ondansetron tablet quickly relieves symptoms and prevents further vomiting for 24 hours without the need for rescue medication or intravenous fluid management. 
JAMA Network Open | Emergency Medicine
Methods
Trial Design
This was a double-blind, placebo-controlled, parallel-group RCT evaluating the safety and efficacy of bimodal release ondansetron. The trial protocol and statistical analysis plan are presented in Supplement 1. The study was approved by the investigational review board for each participating institution. Written informed consent was obtained from participants 18 years and older, and study participants aged 12 to 17 years required both consent from a parent or guardian and assent from the participant. This study is reported following the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline. 
Setting and Participants
Randomization and Study Procedures
A computer-generated allocation sequence was used for randomization, and a central call-in center directed stratification by age (<18 vs Ն18 years). The study drug was administered in a 3:2 active to placebo ratio. The experimental drug or a like-appearing placebo tablet was sealed in a box identified only by an assigned study number. After obtaining consent, the on-site clinical investigator contacted the central randomization call-in center and was directed to use the numbered sealed box corresponding to the randomized allocation. No information regarding the contents of the numbered sealed box was provided to the study investigator.
The allocated study tablet was administered before any ED intervention. If the tablet was vomited within 15 minutes of administration, another tablet was given. If vomiting first occurred between 15 and 30 minutes after administration of the first tablet, another tablet was not given and the patient was permitted to continue the study.
Oral ingestion of fluids was encouraged during the ED stay to treat dehydration according to clinical status and the patient's ability to tolerate oral hydration. Additional testing, including imaging or laboratory tests, could be performed any time at the discretion of the treating clinician.
Intravenous preparations of other medications, such as antibiotics, were permitted as long as the infusion volume was less than 100 mL. At 4 hours after study drug ingestion, the patient was assessed for discharge, although the duration of ED treatment could exceed 4 hours if needed.
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Patients who were ED treatment successes were discharged with 3 additional study tablets to take 1 every 24 hours as needed for up to 3 days.
Antipyretic, antidiarrheal, proton pump inhibitor, and antacid medications were permitted at any point during the study. For patients whose treatment failed, metoclopramide was the suggested default rescue medication. Ondansetron and any other 5-HT3 antagonist were not permitted for at least 24 hours after study drug administration.
At discharge, patients were given diary cards to record any episodes of vomiting, bowel movements, and severity of nausea, as well as other symptoms of gastroenteritis, adverse events, and any medications taken, whether for gastroenteritis or other indications. Patients were contacted daily by telephone to retrieve the relevant information.
Primary End Point Definition
The primary end point was treatment success, defined as meeting all 3 of the following criteria from 30 minutes through 24 hours after the first dose of study medication: (1) without further vomiting,
(2) without rescue medication for nausea or vomiting, and (3) no intravenous hydration.
Outcomes
The primary outcome was the frequency of treatment success at 24 hours after study tablet administration. The study population included all patients who received a tablet, even if the tablet was vomited soon after administration. Patients randomized but not treated because they were found ineligible before receiving the tablet (eg, because of positive results on a pregnancy test) were excluded from the study analysis. Therefore, the primary efficacy analysis was a modified intention to treat rather than a strict intention-to-treat analysis. Per-protocol secondary analyses determined treatment success among patients with a final discharge of acute gastroenteritis and no major inclusion violations. An additional efficacy outcome was the frequency of treatment success at 4 days. The safety population was defined as any patient given the study medication, including those who were unable to swallow or vomited soon after medication administration.
Statistical Analysis
It was estimated that treatment would fail for 40% of the placebo group during the 24 hours after initial dosing and that bimodal release ondansetron would reduce the frequency of treatment failure by approximately 50%, ie, to a rate of 20% in the active treatment group. To demonstrate a statistically significant decrease in the incidence of vomiting with a 2-tailed P value of .01 and power of 90%, 320 patients were needed, with plans for 192 patients randomized to the active drug and 128 patients randomized to placebo.
The primary result was expressed as the relative risk (RR) adjusted for age using the Mantel- 
Results
Demographic and Clinical Characteristics
Primary Outcome
In the modified intention-to-treat analysis, a total of 126 treatment successes (65.6%) were observed in the bimodal release ondansetron group compared with 70 treatment successes (54.3%) in the placebo group. The absolute probability difference for treatment success between the 2 groups was 11.4% (95% CI, 0.3%-22.4%). The proportion of treatment success was 21% higher among patients who received bimodal release ondansetron compared with those who received the placebo (RR, 1.21;
95% CI, 1.00-1.46; P = .04) ( Table 2 ).
Secondary Outcomes
In the per-protocol analysis, a total of 123 treatment successes (69.5%) were observed in the bimodal release ondansetron group compared with 67 treatment successes (54.9%) in the placebo group, and the absolute probability difference for treatment success was 14.6% (95% CI, 3.0%-25.8%). The proportion of treatment success was 27% higher for patients who received bimodal release ondansetron compared with those who received the placebo (RR, 1.27; 95% CI, 1.05-1.53; P = .01) ( a A patient was assigned to receive placebo but erroneously received an unassigned study box that turned out to contain the active drug bimodal release ondansetron. All study boxes and content were of the same appearance and the blinding remained intact. Per intent-to-treat procedure, the data were analyzed by the assigned intervention (placebo group). b Disqualifying information obtained after consent but before administration of the study drug included pregnancy, other abnormal blood test results, or abnormal electrocardiogram results.
Fourteen patients were hospitalized during the study. Five patients (4 patients in the bimodal release ondansetron group and 1 patient in the placebo group) were hospitalized because of treatment failure. The remaining patients were hospitalized for reasons other than gastroenteritis.
These hospitalizations were due to conditions not diagnosed until after the patient received study medication, including cholecystitis, bile duct stones, and small-bowel obstruction.
One or more episodes of diarrhea within 24 hours after the first dose of the study drug occurred in 35 patients (16.7%) in the bimodal release ondansetron group and 28 patients (21.7%) in the placebo group. Among patients with one or more episodes of diarrhea at 24 hours, the mean (SD) number was 2.2 (1.9) episodes in the bimodal release ondansetron group and 1.6 (1.1) episodes for the placebo group. Adverse events are presented in Table 3 . Patients in the bimodal release ondansetron group, compared with the placebo group, more commonly reported constipation ( 
Discussion
This RCT found showed that a single long-acting bimodal release ondansetron tablet prevented further vomiting for 24 hours after tablet ingestion among adolescents and adults presenting with symptoms of acute gastroenteritis. At study entry, all participants had vomited 2 or more times in the 4 hours prior to enrollment and most had moderate to very severe nausea on ED or urgent care arrival. Even with these acute symptoms, almost all patients tolerated the oral preparation, with fewer than 5% vomiting the medication within 15 minutes of ingestion. This demonstrates that oral antiemetic treatment is feasible for a substantial portion of symptomatic patients with acute gastroenteritis.
Ondansetron administration to treat vomiting is common practice in the acute care setting, 15 concluded that among adults there is no definite evidence to support the superiority of any antiemetic drug over placebo in the acute care setting.
To our knowledge, this is the first study to demonstrate that ondansetron is beneficial to treat vomiting in the adult and adolescent acute care population and the first to specifically evaluate acute gastroenteritis. Treatment with an oral agent has the advantage of avoiding intravenous drug administration and fluid replacement. A bimodal release antiemetic tablet has the dual benefit of rapid onset of efficacy and prolonged duration of activity compared with currently available oral preparations. The sustained therapeutic action of bimodal release ondansetron contrasts with shorter acting preparations whose effect may wear off before another dose is taken, risking early recurrence of nausea or vomiting.
Compared with shorter acting preparations, time-release formulations have the advantages of dosing convenience, less fluctuation in blood levels, and better health outcomes across a number of disease states. 20, 21 Although not studied in gastroenteritis to our knowledge, simplification of dosing regimens and reduction in tablet burden with a once daily administration has been shown to improve adherence compared with conventional formulations with short half-lives that must be given 3 or more times per day. 22,23 Among the potential disadvantages of a longer acting preparation is the reduced potential for dosage adjustment. 21 In our study, metoclopramide was given to those who failed study treatment, and additional study would be needed to determine optimal rescue strategies for those who do not respond to bimodal release ondansetron.
Similar to other studies evaluating antiemetics in adults who are acutely ill, we found a relatively high rate of successful outcomes in patients who received the placebo. [17] [18] [19] Among the possible explanations are that some patients were enrolled toward the end of the active symptom period for a disease with a relatively short duration, contributing to a higher natural progression of improvement. Another explanation is an enhanced response among patients taking the inactive tablet leading to a larger than expected success rate. While an RCT is the standard for determining the efficacy of an intervention, the placebo effect and other influences in an RCT are difficult to estimate, and the assumption that a drug effect is simply the difference between the drug and placebo responses has been challenged. [24] [25] [26] This can result in underestimated clinical trial drug effects, particularly in studies with large placebo responses. 27
Another possible explanation for the placebo group response is that the protocol encouraged an oral hydration regimen soon after receiving the tablet. Past ED clinical trials suggest that intravenous hydration reduces nausea and potentially masks antiemetic effects of the study drugs. 15, 17, 19 The prevention or treatment of dehydration has reduced nausea and vomiting in other conditions, such as postoperative nausea and vomiting syndrome. [28] [29] [30] Our study was not designed to determine whether oral rehydration independently improves outcomes, which may have contributed to the higher than expected success rates in the placebo group, and this requires further research.
In practice, giving oral rather than intravenous therapy in the acute care setting could result in more rapid treatment and disposition using lower acuity treatment areas in which fewer personnel and resources would be needed. Treatment with bimodal release ondansetron presents other outpatient treatment options, including urgent care centers or office and clinic settings, with ED visits reserved for those who fail treatment. It may be feasible for treatment to be prescribed outside of a traditional clinical setting, such as by telephone consultation or in a telemedicine setting. Further study would be needed to confirm the safety and efficacy of providing antiemesis care in alternative treatment strategies.
Limitations
This study had limitations, including the relatively few adolescent patients enrolled; therefore, the comparison of treatment response among age subgroups was not feasible. Furthermore, most of the pediatric patients were enrolled at 1 site, which limits generalizability of the age-related results.
Another limitation was the lack of confirmatory testing of the diagnosis of acute gastroenteritis. Stool sample diagnostics may not detect any pathogens, and results would not have been immediately available in the ED setting at the time of enrollment. Additionally, almost all patients had what clinicians determined to be acute gastroenteritis. Our inclusion criteria mimicked actual practice; therefore, results should be generalizable to patients treated in the acute care setting with similar symptoms.
Conclusions
In conclusion, this RCT found that a long-acting bimodal release oral ondansetron tablet was effective in treating nausea and vomiting from acute gastroenteritis. The drug appeared to work quickly, and benefits from the long acting component extended to 24 hours after tablet administration. If further studies find similar results, this drug may decrease the need for intravenous access and ED visits to manage acute gastroenteritis.
